32A-77. 



SR 

XR 39573,611 
UEmeO i5>lim^S» iraait^nno.. 



[721 Inventors 



(211 
(221 
[451 
[73] 



Appl. No. 
Filed 
Patented 
Assignee 



Gerald T. Bergemann; 

Entest N. Dulaney; Robert H. Pool, 

Marion, Iowa 

793,529 

Jan. 23, 1969 

Apr. 6, 1971 

Collins Radio Company 

Dallas, Tex. 



154] SIMULTANEOUS DELAY MEASUREMENT 
BETWEEN SELECTED SIGNAL FREQUENCY 
CHANNELS AND REFERENCE FREQUENCY 
CHANNEL 

24 Claims, 4 Drawing Figs. 

[52] U.S.CI 324/57, 

324A77 

[511 Int. CI GOlr 27/00 

[50] Field of Search 324/57,77 

[56] References Cited 

UNITED STATES PATENTS 
2,617,855 11/1952 Etheridgejr 324/57 



2,767,373 10/1956 Maggie 

3,411,080 U/1968 Palatinus 

3,467,859 9/1969 Nixon etal 

Primary Examiner— Edwzrd E. Kubasiewicz 
Attorneys— L^Txy Harold Kline and Robert J. Crawford 



324/57 
324/57 
324/57 



ABSTRACT: The present invention relates to means for 
simultaneously measuring differential envelope delay between 
selected signal frequency channels and a reference frequency 
channel during transmission through a communications link. 
A test signal is applied to a bank of band-pass filters which 
separate the test signal into a reference frequency channel and 
a plurality of signal frequency channels. The signals of each 
channel are demodulated and passed to a phase shifting means 
which is adjustable to establish zero differential delay between 
the respective signal channel and the reference channel. 
Thereafter, the test signal is transmitted through the commu- 
nications link and the output of the communications link is ap- 
plied to the filter bank. A plurality of delay detecting means 
each measure differential delay between a respective signal 
channel and the reference channel and provide a delay signal 
to suitable indicating means. 
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SBMULTAi^US^IWSLAy-ME^ The. invention will be more fully understood from, the fol- - 

SELECTEBSIICWALFREQ^IENCV GMAWNEll^ AND lowing detailed description and appended claims when, taken 

RElFlSRENCElFREQUENCViGHANNEL . with'the drawings in which: 

FIG. 1 is an illusuation of a test signal which is a mi4tiple 

This invention relates to measurement of differential delay^ 5 double-sideband» suppressed-carrier frequency spectrum, 

i.e. difFerential envelope delay, and more particulariy to simul- FIG. 2, consisting of FIGS. 2a and 25, illustrates a dif- 

taneous measurement of differential ;de|ay between selected ferential delay measurement circuit showing one signal chan- 

signal frequency channels and a reference frequency chainnel. nel and the reference channel. 

For various applications, it may be desirable to provide a set FIG. 3 is an illustration of a test signal which is a spaced- 

of output voltages dependent on the time, delay appeari ng in 10 tones frequency spectrum. 

various frequency channels: within ; a : given frequency range FIG. 4 illustrates circuit adjustments for use with a spaced- 

relative to the time delay observed ;aljone spiecific frequency tones frequency spectrum test signal, 

channel. Referring now to the drawings, FIG. 1 shows a multiple dou- 

Devices which provide a measure ofidiffereiitial delay are ble-sidcband; supprc^ed-carricr frequency spectrum >yhich 

well known. Some of these: devices provide a.measure of dif- • may be used as an appropriate test signal for the simultaneous 

ferential delay at only one selected frequency at anyone time: measurement of differential delay. The spectrum of FIG. 1 

Other devices sweep the frequency range of interest providing miay be generated as disclosed in copending application, 

a continuous measure of delay- as a function of frequency. "Logic Pulse Time Waveform Synthesizer'* by Ernest N. Du- 

These two techniques may be advantageous in certain circumr laney, William S. Elliott, Charles F. Haberly, and Robert H. 

stances, but neither of these techniques provide for a simul- Pool filed Dec. 20, 1968: 

taneous measure of differential delay over the frequency band The frequency spectrum of FIG. 1 is, of couree, only an ex- 
of interest. The present invention uses spaced-tones frequency ample of one test signal that, might be used; The twt. signal 
spectrums, multiplfe double-sideband, suppressed-carrier may have spectrum sets using a group of three tones generated 
frequency spectrums and multiple amplitude-modulated 25 by sinusoidal amplitude modulation of the carrier, it may have 
frequency spectrums as test signals to measure differential spaced tones at the frequencies of interest; it may be a multi- 
delay simultaneously at selected channejs of frequencies over pie double-sideband spectrum such as FIG. 1; or it may be any 
a frequency range. other spectrum which meets the following criterion for an ap- 

An object of the present invention; is a method and means propriate test signal: 
forsiinultaneously measuring differential delay in acommuni- 30 An appropriate test signal is one which has a frequency 
cations link in selected frequency channels over a frequency spectrum made of a plurality of identical spectnmi set^ with 
j^jigg one spectrum set occurring at each frequency of mterest for 
Another object of this invention is a method and means for delay measurements. Each spectrum set may have two or 
providing output indications of differential delay at different more spectrum lines. In the case of a spaced-ton^ frequency 
frequencies simultaneously . 35 spectrum, adjacent spectrum sets may make use of a common 
Still another object of this invention is a method and means spectrum line. Each spectrum set is at a particular center 
capable of noting changes in differential delay at various frequency and has known fixed phase relationships within it- 
frequencies in the band simultaneously, self and with all the other sets at different center frequencies. 

Another object of the invention is the use; of a multiple dou- Each spectrum set must be such that the time waveform re- 
ble-sideband. suppressed-carrier frequency specuum as a test 4Q lated to the set provides some form of time indexing, 

signal to measure differential delay simultaneously at selected Using either the spaced-tones spectrum or the muhiple dou- 

frequency channels over a frequency range. ble-sideband, sujppressed-carrier spectrum for the mcasure- 

A further object of the invention is the use of a spaced-tones ment of differential delay has certain advantages. The mam 

frequency spectrum as a test signal to measure differential advantage in using thiese two types of test signals for delay 

delay simultaneously at selected frequency channels over a measurements is that the signal of interest is more powerful 

frequency range. than that of the conventional amplitude modulation having a 

Another object of the invention is the use of multiple am- center frequency and two sidebands. This greater power 

plitude-modulated frequency spectrums as a test signal to produces increased detectability of the delay in the presence 
measure differential delay simultaneously at selected firequen- „ of noise. Another advantage of the spaced-tones speptrum is 

cy channels over a frequency range. that the spectrum between each of the two tones in aiiy group 

These and other objects and features of the invention will be may be used for other information transmission that does not 

apparent from the following description an appended claims. overlap the tones directiy. 

Briefly, tiie circuit for receiving a test signal transmitted FIG. 2 illustrates in block diagram form the circuitry in- 
through a communications link and for simultaneously mea- 55 volved in measuring delay simultaneously at a plurality of 
surihg differential delay in the communications link between frequencies for the test signal of FIG. 1. The test signal enters 
selected signal frequency channels and a reference frequency the communications link 10 through which the delay is to be 
channel includes a plurality of band-pass filters each passing measured. The output of the communications hnk 10 is con- 
signals in one of die selected frequency channels or in the nectcd to a plurality of band-pass filters each of which passes 
reference frequency channel. One of a plurality of detecting signals of frequencies in one of die frequency channels of in- 
nieans is connected to each of the plurality of band-pass filters tcrest. Each band-pass filter allows only one spectrum set to 
and each demodulates the output waveform of one of the pass through the filter. One filter is therefore required for each 
band-pass filters. One of a plurality of phase shifting means is desired set of frequencies to be passed. One of the band-pass 
connected to the output ofeach detecting means. Each phase filters 14 passes a channel of frequencies to be hereafter 
shifting means may be adjusted to establish a zero differential 65 referred to as the reference frequency channel. Band:pass 
delay between one of die selected frequency channels and the filter 12 passes a channel of frequencies referred to as a signal 
reference frequency channel. The hivention has a plurality pf frequency channel. FIG. 2 only shows the circuitry involved 
differential delay detecting means each of which is connected for one signal channel to be tested and for tiie reference chan- 
10 the output of one of the phase shifting means and each of nel. There may be many more signal channels. The drcuitry 
which is also connected to the output of the phase shifting 70 for signal channels at other frequencies of interest is identical 
means which modifies signals from the reference channel. An to that for the signal channel shown. . 
output voltage is developed which is dependent on the dif- Connected to each band-pass filter is a detecting means m- 
fercnce in delay between agnals in one of the plurality of dicated as 16 in the signal channel and Iff m the reference 
selected frequCTicy channels and signals in the reference channel. Each detecting means demodulates the output 
f^qu^cySS^ <;i»n B waveform of the band-pass filter to which it is connected. 
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When the multiple double-sideband, suppressed-carrier veits the output of phase shifting means 22. Pulse generating 
frequency spectrum of FIG. I is used, these detectors will be means 48 produces a narrow pulse from the output of the 
envelope detectore. With other types of test signals, other reference inverting means 46. ThK output pulse of reference 
types ofdeteclois could be used. pulse means 44. along with the output of pulse producing 

Connected to each detecting means is a phase shifting 5 means 40. are inputs to phase detecting means 42. 
means indicated as 20 in the signal channel and 22 in the Phase detecting means 42 may be simply a direct coupled 
reference channel. Each phase shifting means is capable of bistable multivibrator. When the signal input goes to a logic 
Derforming a phase shift to the output signal of the detecting zero, the multivibrator is reset. When the reference mput goes 
means to which it is connected. The phase shifting means is to a logic zero, the multivibrator is set. In this manner the tim- 
adiusted for zero differential delay between a signal channel '*> ing sequence of the signal inputs controls the length of time 
and the reference channel. To make this adjustment, the test that the phase detecting means 42 has a specific output volt- 
signal is directly applied at the input of band-pass filters 12 age. The output voltage of the phase detecting means 42 is 
artd 14 without passing through the communications link 10. therefore dependent on the difference in delay between the 
The phase shifting means 20 in the signal channel would nor- signals in the reference channel and in the signal channel, 
mally be the one that is adjusted to indicate a zero phase shift ' ^ Connected to the differential delay detecting means 36 is 
between the sigpal channel and the reference channel. This delay voltage indication means SO which may comprise filter 
adjustment is necessary so that the circuitry will indicate only means 52 and delay indicating means 54. The filter means 52 
the true delay caused by the communications link 10. has an output voltage which is directly proportional to the dif- 

The phase shifting means 20 and 22 may comprise a band- ferenlial delay between the rrference channel and the signal 
nass filter 24 in the signal channel and 26 in the reference ^" channel. A low pass filter which would allow only the frcquen- 
channel; a waveform converting means. 28 in the signal chan- cy components near zero frequency to appear at the outputs 
nel and 30 in the reference channel; and a delay adjustment thereby rejecting all higher frequency components may be 
means, 32 in the signal channel and 34 in the reference chan- used as the filter means 52. The delay >"d~ "^^^ 5^ 
nel The band-pass filters. 24 and 26, pass the fundamental 25 could be a voltmeter mdicating the voltage at the output of fil- 
frequency of the output signal of the detecting means. 16 or tering means 52. The delay indication means 54 could be an 
Ig to which it is connected. In certain applications, band-pass indication by some computer means or any other means tha 
filtcre 24 and 25 would not be necessary, for example, when would allow either man or machine to recognize the signal at 
detector means 16 and 18 have sinusoids for outputs. the input of the delay indication me^. ,. „ 

n,e wavefonn converting means. 28 and 30, are connected 30 In the preferred embodiment of this 'nvent^n, *e test 
to the output of the band-pass filters. 24 and 26. When these signal U the test signal illustrated in FIG. 1. deterting 
mters are not used, waveform converting means, 28 and 30. means 16 and 18 are envelope detecting meaiB. Waveform 
wouW^ conn^c^ Meetly to the outpufof detecting means. converting means 28 and 30 are Schmitt trigger circuits^ Delay 
T6 andls X waveform convening means, 28 and 30. con- adjustment means 32 and 34 are monostable mult.vibrato^ 
vert their input signal into logic level waveforms. The 35 Signal inverting means 38 and reference inverting mea^ 
Worm converter means. 28 and 30. may be Schmitt trigger are logical inverters m which when one signal is supplied o 
SHrlSmTS^ of clipping m^s Delay adjustment theinverter.thebinary valueoftheoutputsignaluioppositeto 
m^ 32 aTsiy «e respecti4 connected to waveform that of the input signal In other words. *hen the input is 1 
convening means. 28 and SO^The delay adjustment means, 32 then the output is 0. TTie pulse producing means 40 and the 
anS w^ capable of performing a phVshifl adjustment at 40 pu.se generating means 48 are '^""^^""^ -"^^^^""^^^^^^^ 
the outknof the wavef^Inii converter means. 28 and 30. phase detectmg means 42 is a b^itable multivibrator. Rlter 

An inverting means 56 may be placed in the reference chan- means 52 would be a low pass filter. Delay indication means 
nel within the phase shifting means to provide a known phase 54 would be a combination of indication means includmg 
shift between the reference channel and a signal channel so meter read-outs and computer P""'-°;^^.'^P^f'f 
that both lead and lag phase differences may be easily in- "5 means (not shown) would, in the preferred embodiment, am- 
^ated. In FIG. 2. inserting means 56 is shown serially con- plify the output signals of each of the plurality of band-pass fil- 
nected with waveform converting means 30 and delay adjust- ters. each of the plurality of detecting means, and each of the 
ment means 34. The delay adjustment means 32 and 34 may plurality ofphase detecting means. 
tecorpn^dofamohostlblemultivibrator.Iftheinputtothe FIG. 3 illustrates a spaced.tones fr«JPf«;"^ 
delay adjustment means 32 and 34 is designated to be a 5" signal. The spaced tones in FIG. 3 are 250 hertz apart, but 
Sid T^alog phase shifter may be used. The waveform could be separated by any distance th"P=c«™'n;"'g«: 

Connected to the phase shifting means in the signal channel pass filter, however, will now only pass one tone. The output 
is a diSial delay detecting means 36 which is also con- of two band-pass filters is combined in a ^ 
nerted toihe reference channel. The differential delay detect- tain a signal equivalent to wha « obtained from either band- 
ing mel^ 36 develops the output voltage which is dependent go pass filteni 12 or 14 in FIG. 2. In TO. 4. the output, of band- 
on Srdifference in delay between the signals in the signal pass filtere 61 and 62 are combined in signal summer 65 to 
channel^dTSl' i" the reference chamiel. The differential establish one signal channe . "nie outputs of band-pass Wters 
delay detecting means 36 may comprise a signal inverting 62 and 63 are combined m signal summer 66 to establish 
me^ piTproducing means 40 and a phase detecting another signal channel. Any number of signal channels can b^ 
means 42! the signal inverting means is connected to and in- 65 obtained in this manner, although only two signal chamiels are 

verts the output signal of the output of the phase shifting shown in FIG. 4. . . . . j • .u 

me^ 20 PuKXing means 40 is connected to the out- TTie reference channel in FIG 4 is obtained m the same 

S^ siS in^rting means and produces a narrow pulse manner as the signal channels. Two tones passing through 

from the ou?ut of the Inverter means'. Phase detecting means band-pass filters 70 and 71 are combined in signal summer 75 

42 is connected to pulse producing means 40 and to the 70 to obtain a signal equivalent to what is obuimed from band- 

referen« chLel Sirough reference pulse means 44. pass filter 14. The output of signal summer 75 is connected to 

Reference pulse means 44 b connected to phase shifting a detecting means such as detecting means 18 in ^^-^-^ 

means 22 in the reference channel. The reference pulse means outputo of signal summers 65 and 66 f'/.''°^!'^''^^'^^°tl^^l;. 

44 may comprise reference inverting means 46 and pulse ing means such as detecting means 16 F'^- Thef Sna 

generating means 48. The reference inverting means 46 in- 75 and reference channel circuits following the detectmg means 
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may be equivalent to that in FIG. 2 and have previously been 5. A circuit according to claim 2 wherein said plurality of 
discussed. differential delay detecting means comprises: 

While the invention has been described with reference with a. a plurality of signal inverting means, each connected to 

specific embodiments, the description is illustrative and is not and inverting the output signals of a respective one of said 

to be construed as limiting the scope of the invention. Various 5 plurality of phase shifting means; 

modifications and changes may occur to those skilled in the b. a plurality of pulse producing means each connected to 

art without departing from the spirit and scope of the inven- and producing a narrow pulse from the output of a 

tion as defmed by the appended claims. respective one of said plurality of signal inverting means; 

We claim: and 

1. A circuit for measuring differential delay between 10 c. a plurality of phase detecting means each connected to 

selected signal frequency channeb and a reference frequency the output of cachone of said plurality of pulse producing 

channel resulting from transmission through a communica- means and to a reference pulse from circuitry of modify- 

tions link, said circuit comprising: ing signals from said reference frequency channel, 

means for generating a test signal containing a plurality of whereby the timing sequence of the signal inputs from 

selected signal frequency channels together with a 1^ each of said plurality of pulse producing means and from 

reference frequency channel and connected to transmit . said reference pulse controls the time length of the output 

said test signal through a communications link under test; signalsoftherespecttveoneofsaidpluratity of phase de- 

a plurality of band-pass filters each connected to said com* lectors, 
munications link and serving to pass signals of frequen- _ 6. A circuit according to claim 1 further comprising a plu- 

cies in a respective one of the frequency channels of said rality of delay voltage indication means each connected to a 

test signal; respective one of said plurality of differential delay detecting 

a plurality of detecting means each connected to a respec- means and each indicating the differential delay between said 

live one of said band-pass filters and serving to demodu- reference frequency channel and a respective one of the said 

late the output waveform of said respective one of said selected signal frequency channels. 

band-pass fihere; 7. A circuit according to claim $ in which said plurality of 
a plurality of phase shifting means each connected to a delay voltage indication means comprises a plurality of filter- 
respective one of said detecting means and serving to per- ing means each connected to a respective one of said plurality 
form a phase shift on the output signal from said respec- of differential delay detecting means and each having an Out- 
live one of said delecting means so as to permit adjust- put voltage which is directly proportional to the differential 
ment for zero differential delay between the respective delay between said reference frequency channel and a respec- 
selected frequency channel and said reference frequency live one of the said selected frequency channels, 
channel; and 8. A circuit according to claim 6 wherein said delay voltage 
a plurality of differential delay detecting means each con- indication means comprises a plurality of delay indication 
nected to receive the output of a respective one of said means each serially connected to a respective one of said plu- 
* phase shifting means and each connected to receive the rality of differential delay detecting means and each indicating 
output of that one of said phase shifting means which the differential delay between said reference frequency chan- 
modifies signals from said reference chaiinel and serving ncl and a respective one of said selected frequency channels, 
to develop an output voltage dependent on the difference 9, A circuit according to claim 7 wherein said delay voltage 
in delay between the signals from said respective one of indication means comprises a plurality of delay indication 
said phase shifting means and the signals from said means each serially connected to a respective one of said plu- 
reference channel. rality of differential delay detecting means and each indicating 
2, The circuit of claim 1 further comprising adjustment the differential delay between said reference frequency chan- 

means included in each of said phase shifting means for adjust- nel and a respective one of said selected signal frequency 

ing the phase shift of the output signal from said respective 45 channels. 

one of said detecting means. IIO. A circuit according to claim 1 further comprising a plu- 

3 A circuit according to claim 2 wherein said each of said rality of amplification means each amplifying the output 

phase shifting means further comprises: signalsofa respective one ofsaid plurality of band-p^ filters. 

a. a second plurality of band-pass filters, each connected to U, A circuit according to claim 1 further comprising a plu- 
and pass'mg the fundamental frequency of the output of 50 rality of amplification means each amplifying the output 
said respective one of said plurality of delecting means; signals of a respective one of said plurality of detecting means, 
and 12. A circuit according to claim 4 further comprising a plu- 

b. a plurality of waveform converting means, each serially rality of amplification means each amplifying the outputs of a 
connected to the output of a respective one of said respective one ofsaid plurality of phase detecting means, 
second plurality of band-pass filters and converting the 55 13. A circuit according to claim 3 further comprising an in- 
output of said respective one of said second plurality of verting means connected to the output of the one of said plu- 
band-pass fillers into logic level waveforms. rality of waveform converting means which modifies signals 

4, A circuit according to claim 1 wherein said plurality of from said refereiice frequency channel, 

differential delay detecting means comprises: 14. A circuit according to claim 5 further comprising an in- 

a. a plurality of signal inverting means, each connected to 60 verting means connected to the output of the one of said plu- 
and inverting the output signals of a respective one of said rality of waveform converting means which modifies signals 
plurality ofphase shifting means; from said reference frequency channel. 

b. a plurality of pulse producing means each connected to 15. A circuit according to claim 7 wherein said plurality of 
and producing a narrow pulse from the output of a filtering means comprises a plurality of low pass filters each al- 
respective one of said plurality of signal inverting means; 65 lowing passage of only low frequency components of the out- 
and put of a respective one of said plurality of phase detectors. 

c. a plurality of phase detecting means each connected to 16. A circuit according to claim 4 wherein each of said plu- 
the output of a respective one of said plurality of pulse rality of pulse producing means comprises a monostable mul- 
producing meains and to a reference pulse from circuitry tivibrator. 

modifying signab from said reference frequency channel, 70 17; A circuit according to claim 3 wherein each of said plu- 

whereby the timing sequence of the signal inputs from rality of pulse producing means comprises a monostable mul- 

each of said plurality of pulse producing means and from tivibrator. 

said reference pulse controls the time length of the output 18, A circuit according to claim 4 wherein each of said plu- 

signals of the respective one of said plurality of phase de- rality of phase detecting means comprises a bistable mul- 
tectors. 75 tivibrator. 
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19. A circuit according to claim 5 wherein each of said plu- 
rality of phase detecting means comprises a bistable mul- 
tivibrator. 

20. A circuit according to claim 3 wherein each of said plu- 
rality of waveform converting means comprises a Schmiit 5 
trigger circuit. 

21. A circuit according to claim 3 wherein each of said plu- 
rality of delay adjustment means comprises a monostable mul- 
tivibrator. 

22. A circuit according to claim 5 further comprising 10 
reference pulse means serially connected with the one of said 
plurality of phase shifting means which modifies signals from 
said reference frequency channel and producing said 
reference pulse. 



,611 

8 

23. A circuit according to claim 22 wherein said reference 
putse means comprises: 

a. reference inverting means connected to and inverting the 
output signal of the one of said plurality of phase shifting 
means modifying signals from said reference frequency 
channel; and 

b. pulse generating means connected to and producing a 
narrow pulse from the output signal of said reference in- 
verting means. 

24. A circuit according to claim 1 further comprising a plu- 
rality of signal summer means each connected to outputs of a 
respective pair of said plurality of band-pass filters. 
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